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Abstract: Background: There are limited data for non-vitamin K antagonist oral anticoagulants
(NOACs) impact on outcomes for patients with atrial fibrillation (AF) and valvular heart diseases
(VHDs). Methods: We identified patients with AF and associated Evaluated Heartvalves, Rheumatic or
Artificial (EHRA) type 2 VHDs, and who had been naïve from the oral anticoagulants in the Korean
National Health Insurance Service database between 2014 and 2016 (warfarin: n = 2671; NOAC:
n = 3058). For analyzing the effect of NOAC on primary prevention, we excluded those with a
previous history of ischemic stroke, intracranial hemorrhage (ICH), and gastrointestinal (GI) bleeding
events. To balance covariates, we used the propensity score weighting method. Ischemic stroke,
ICH, GI bleeding, major bleeding, all-cause death, and their composite outcome and fatal clinical
events were evaluated. Results: During a follow-up with a mean duration of 1.4 years, NOACs were
associated with lower risks of ischemic stroke (hazard ratio (HR): 0.71, 95% confidence interval (CI):
0.53–0.96), GI bleeding (HR: 0.50, 95% CI: 0.35–0.72), fatal ICH (HR: 0.28, 95% CI: 0.07–0.83), and major
bleeding (HR: 0.61, 95% CI: 0.45–0.80) compared with warfarin. Overall, NOACs were associated with
a lower risk of the composite outcome (HR: 0.68, 95% CI: 0.58–0.80). Conclusions: In this nationwide
Asian AF population with EHRA type 2 VHDs, NOAC use was associated with lower risks of ischemic
stroke, major bleeding, all-cause death, and the composite outcome compared to warfarin use.
Keywords: atrial fibrillation; valvular heart disease; non-vitamin K antagonist oral anticoagulant;
stroke; bleeding
1. Introduction
Atrial fibrillation (AF) often co-exists with many types of valvular heart diseases (VHDs);
for example, AF patients with mitral stenosis or mechanical heart valves have a significantly higher
risk of thromboembolic events than those with non-valvular AF [1]. Thus, pivotal randomized clinical
trials (RCTs) for the evaluation of efficacy and safety of non-vitamin K antagonist oral anticoagulants
(NOACs) in AF exclude these with mechanical heart valves and moderate to severe mitral stenosis [2–5].
In these pivotal RCTs, the effectiveness and safety of NOACs for stroke prevention was demonstrated,
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and NOACs are now widely used for stroke prevention in the AF population without Evaluated
Heartvalves, Rheumatic or Artificial (EHRA) type 1 VHDs [6–9].
However, the population of these pivotal RCTs includes patients with mitral regurgitation,
aortic stenosis, and aortic regurgitation, which are defined as EHRA type 2 VHDs. Additionally,
the impact of these EHRA type 2 VHDs for clinical outcomes in patients with AF is controversial [1] and
the performance of NOACs compared to that of warfarin in patients with EHRA type 2 VHDs remains
questionable. In a recent meta-analysis of these RCTs, the pooled high-dose NOAC group shows
a significantly lower risk of thromboembolic events and a similar risk of major bleeding compared
with the warfarin group [10]. Subsequently, there are several comparative analyses between NOACs
and warfarin in patients with EHRA type 2 VHDs based on real-world data; however, the benefits of
NOAC compared to warfarin are inconsistent [11,12]. Furthermore, considering the greater benefit of
NOAC regarding risk reduction of major bleeding in Asians compared to that in non-Asians, there are
few large-sized datasets focused on Asian patients with EHRA type 2 VHDs [13–15].
Given that VHDs commonly co-exist in Asian patients with AF, we aimed to evaluate the
effectiveness and safety of NOACs compared to those of warfarin, specifically in AF patients with
EHRA type 2 VHDs, using a large real-world nationwide cohort of Korean individuals.
2. Methods
2.1. Data Source
This study used the national claims data established by the National Health Insurance Service
(NHIS) of Korea. The NHIS is the single insurer managed by the Korean government, and the
entire Korean population comprises mandatory subscribers. The Korean NHIS database contains the
following information of the entire Korean population: Sociodemographic data and all medical expenses
for both inpatient and outpatient services, including pharmacy dispensing claims, and mortality
data [16,17]. Diagnoses in this database are coded using the International Classification of Disease-10th
Revision-Clinical Modification (ICD-10-CM) nomenclature. This study was exempted from the review
by the Seoul National University Hospital Institutional Review Board (E-1804-002-932). All data and
materials have been made publicly available at the National Health Insurance Sharing Service and can
be accessed at https://nhiss.nhis.or.kr/bd/ab/bdaba000eng.do.
2.2. Study Cohort
We included adult patients with AF (ICD-10-CM code I480-484, I489) who were newly prescribed
oral anticoagulants (OACs) from January 2014 to December 2016. We also excluded those who had a
history of OAC prescriptions between January 2013 and December 2013, so as to include only those
who were OAC-naïve. Then, we identified AF patients with VHDs including mitral valve disease
(ICD-10-CM code I34.0-2), aortic valve disease (I35.0-2, I06.0-2), tricuspid valve disease (I36.0-2, I07.0-2),
and pulmonary valve disease (I37.0-2). Patients with EHRA type 1 VHDs (rheumatic mitral stenosis
(I05.0, I05.2, I05.9) or prosthetic heart valve (Z95.2-4)) were selected for a separate analysis. We excluded
other alternative OAC treatment indications, such as pulmonary embolism, deep vein thrombosis, or
joint replacement surgery. Additionally, patients with end-stage renal disease were excluded. To enroll
patients who used OACs only for primary prevention, we excluded those with a previous history of
ischemic stroke, intracranial hemorrhage (ICH), and gastrointestinal (GI) bleeding events. The detailed
patient enrollment flow is presented in Figure 1.
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Figure 1. Study population enrollment flow. A total of 5729 patients with EHRA type 2 VHDs were
included in the final analysis. We conducted an exploratory analysis for EHRA type 1 VHD patients
(patients with “valvular AF”) (n = 611). Abbreviations: AF, atrial fibrillation; EHRA, Evaluated
Heartvalves, Rheumatic or Artificial; ESRD, end-stage renal disease; GI, gastrointestinal; NOAC,
non-vitamin K antagonist oral anticoagulant; OAC, oral anticoagulant, VHD, valvular heart disease.
2.3. Defining the Comorbidities and Outcomes
Comorbidities including hypertension, diabetes mellitus, dyslipidemia, congestive heart failure
(CHF), history of myocardial infarction (MI), peripheral artery disease (PAD), chronic obstructive
pulmonary disease (COPD) were defined by the ICD-10-CM codes, and the detail of definition was
shown in Table S1 (Supplementary Materials). The CHA2DS2-VASc score was calculated for each
patient by assigning 1 point each for the age interval between 65 and 74 years, female sex, the presence
of hypertension, diabetes mellitus, CHF, and presence of vascular disease (prior MI or PAD) and
2 points each for a history of stroke/transient ischemic attack/systemic thromboembolism and the age
of ≥75 years [18].
We evaluated 6 clinical outcomes to analyze the effectiveness and safety of NOAC versus
warfarin [14,19]. Ischemic stroke, ICH, hospitalization for GI bleeding, hospitalization for major
bleeding (ICH + GI bleeding), all-cause death, and the “composite outcome” (ischemic stroke + major
bleeding (ICH + hospitalization for GI bleeding) + all-cause death) were defined by ICD-10-CM codes.
Full details are summarized in Table S2 (Supplementary Materials). To evaluate the severity of clinical
events, fatal ischemic stroke, fatal ICH, fatal GI bleeding, fatal major bleeding, and the composite of
these fatal events were also analyzed. Any event that led to death within 30 days of its occurrence was
defined as a fatal event. Patient follow-up started from the initiation of index treatment and ended
with the occurrence of the clinical outcome events or the end of study period (31 December 2016),
whichever came first.
2.4. Subgroup Analyses
Subgroup analyses were performed based on patients’ baseline characteristics including age, sex,
CHA2DS2-VASc score, and type of VHD. In the age subgroup analysis, we categorized patients into
3 groups as follows: Ages of <65, 65–74, and ≥75 years old. Regarding the CHA2DS2-VASc score,
we divided the total study population into two groups by 0 to 2 and 3 or more points. In the type of
VHD, we divided patients who presented mitral regurgitation or other VHDs.
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2.5. Statistical Analysis
We used the inverse probability of treatment weighting (IPTW) method to reduce the impact of
treatment-selection bias and the potential confounding factors between the two treatment groups.
IPTW used the whole dataset and assigned an inverse probability of received treatment weighting by
applying 1/propensity score (PS) to patients in the treated cohort and (1/(1 – PS)) to those in the control
cohort. The propensity for each treatment group was estimated using a logistic regression method
including all clinical variables: Age, sex, CHA2DS2-VASc score, hypertension, diabetes mellitus,
dyslipidemia, CHF, prior MI, COPD, and PAD (Table S3, Supplementary Materials). After calculating
the stabilized weights from propensity scores, IPTW effectively generated a pseudo-population with
the near-perfect-covariate balance between treatment groups [20]. To reduce the effect of extremely
small and large weights, we trimmed at the 5th and 95th percentiles of the weights. The balance of each
covariate between two treatment groups was examined by the absolute standardized difference (ASD).
An ASD of 0.1 or less was considered to balance each covariate between the two treatment groups [21].
The comparison of cumulative incidence rates between the NOAC and warfarin groups was
performed based on Kaplan–Meier censoring estimates using the log-rank test. Incidence rates were
described as the number of events per 100 person-years (PY). The risk for 6 clinical outcomes and fatal
events of the two treatment groups were presented with hazard ratios (HRs), and the corresponding
95% confidence intervals (CIs) calculated by applying weighted Cox proportional hazard models
with IPTW. For subgroup analyses, we used a multivariable Cox proportional hazard regression
method adjusting for age, sex, CHA2DS2-VASc score, hypertension, diabetes mellitus, dyslipidemia,
heart failure, prior MI, PAD, and COPD. All P-values were two-sided, and a value lower than 0.05
was considered statistically significant. Statistical analyses were performed using SAS version 9.3
(SAS Institute, Cary, NC, USA).
2.6. Sensitivity Analyses
A sensitivity analysis was performed with the multivariable Cox proportional hazard regression
method using all variables including PS calculation and socioeconomic status. Additionally, to adjust
the difference of follow-up duration between NOAC and warfarin groups, we performed sensitivity
analyses with the restriction of the follow-up period to 6 months and 1 year [19].
To adjust for possible confounding factors, we performed multivariable Cox proportional hazard
regression with chronic kidney disease (CKD), chronic hepatitis, liver cirrhosis, and antiplatelets.
CKD (N18), chronic hepatitis (B15–19), liver cirrhosis (K70–77) were defined using ICD-10-CM
codes. The use of antiplatelets was defined as a prescription of any antiplatelet agent (aspirin or
clopidogrel). In this study, the primary analysis was conducted in analogy with the intention-to-treat
principle, regardless of subsequent treatment changes. We performed a sensitivity analysis similar
to the on-treatment principle [22]. In the on-treatment analysis, patients who discontinued the index
treatment during the study period were censored. Discontinuation of index treatment was defined as
the intervals of 30 days from the last day of the last drug supply.
3. Results
3.1. Baseline Characteristics of the Study Population
We identified 5729 patients as new users of OAC treatment with EHRA type 2 VHDs (Figure 1).
The study population was distributed according to the OAC type: Warfarin (n = 2671, 47%) and
NOAC (n = 3058, 53%). Among patients on NOAC, 24.7% (n = 756) of patients received dabigatran,
41.9% (n = 1281) received rivaroxaban, 25.3% (n = 774) received apixaban, and 8.1% (n = 247) received
edoxaban. The average follow-up duration was 1.3 years.
Table 1 presents the baseline characteristics of the study population before and after IPTW.
Before weighting, patients with NOAC were older (mean age: 73.5 ± 9.2 vs. 66.5 ± 13.2 years
for NOAC and warfarin groups, respectively), more likely to be men (62% vs. 52% for men and
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women, respectively) and presented more risk factors for stroke as estimated by CHA2DS2-VASc
score (mean ± standard deviation: 4.1 ± 1.6) are lower than those using warfarin (mean ± standard
deviation: 3.5 ± 1.9). After the study population had been weighted using a 5% trimmed IPTW method,
all differences of baseline covariates were less than an ASD of 0.1. The two treatment groups were
well-balanced with sufficient overlap in the inspection of individual propensity score distributions
(Figure S1, Supplementary Materials). The mean age was 71.2 years, and the mean CHA2DS2-VASc
score was 3.9. In weighted cohorts, the proportion of non-rheumatic mitral stenosis was 1.0%, that of
mitral regurgitation was 43.7%, and those of other VHDs were 55.3% in the NOAC group. In the
warfarin group, those of non-rheumatic mitral stenosis was 3.1%, that of mitral regurgitation was
40.9%, and those of other VHDs were 56.0%.
Table 1. Baseline characteristics of patients with EHRA type 2 VHDs between warfarin versus NOACs.
Propensity Score Weighting
Before After (with 5% Trimming)
Warfarin
(n = 2671)
NOACs
(n = 3058) ASD
Warfarin
(n = 2371)
NOACs
(n = 2792) ASD
Age, years 66.5 ± 13.2 73.5 ± 9.2 0.620 71.2 ± 9.9 71.2 ± 8.4 0.002
<65 39.4 14.9 24.5 21.3
65–74 30.4 34.1 33.6 38.2
≥75 30.2 50.9 41.8 40.5
Men 51.7 61.6 0.200 57.3 56.9 0.006
CHA2DS2-VASc score 3.5 ± 1.9 4.1 ± 1.6 0.340 3.95 ± 1.85 3.94 ± 1.63 0.003
0–2 31.5 16.1 22.8 19.8
≥3 68.5 83.9 77.2 80.2
Hypertension 73.9 76.4 0.057 76.7 76.5 0.005
Diabetes mellitus 16.5 17.9 0.036 18.4 18.5 0.000
Dyslipidemia 36.4 40.1 0.076 40.3 39.5 0.015
Heart failure 52.5 49.5 0.059 51.6 51.3 0.005
Prior MI 4.3 3.5 0.043 4.2 4.2 0.002
PAD 15.5 18.5 0.081 18.3 18.0 0.006
COPD 24.6 25.2 0.012 26.2 26.2 0.000
NOAC dose †
Regular dose N.A 36.6 N.A N.A 41.1 N.A
Reduced dose N.A 63.4 N.A N.A 58.9 N.A
Values are mean ± standard deviation or %. Other valvular disease included AS, AR, TS, TR, PS, and PR.
† Regular-dose NOACs are 20 mg rivaroxaban once daily, 150 mg dabigatran twice daily, 5 mg apixaban
twice daily, and 60 mg edoxaban once daily. Reduced-dose NOACs are 15/10 mg rivaroxaban once daily,
110 mg dabigatran once daily, 2.5 mg apixaban twice daily, and 30 mg edoxaban once daily. Abbreviations:
AR, aortic regurgitation; AS, aortic stenosis; ASD, absolute standardized difference; COPD, chronic obstructive
pulmonary disease; MI, myocardial infarction; MR, mitral regurgitation; MS, mitral stenosis; PAD, peripheral artery
disease; PR, pulmonary regurgitation; PS, pulmonary stenosis; TR, tricuspid regurgitation; TS, tricuspid stenosis.
3.2. Clinical Outcomes in Patients with AF and EHRA Type 2 VHDs
Weighted cumulative incidence curves for the 6 clinical outcomes are shown in Figure 2. During the
follow-up, weighted incidence rates for ischemic stroke was 2.83 per 100 PY in the NOAC group and
3.44 per 100 PY in the warfarin group (Figure 3, panel A). NOAC use was associated with lower rates
of ischemic stroke compared to warfarin: The HR was 0.712 (95% CI: 0.525–0.959) (Figure 3, panel A).
When focusing on the safety outcomes, ICH was observed at weighted incidence rates of 1.29 per
100 PY for NOAC and 1.32 per 100 PY for warfarin. NOAC showed a nonsignificant trend for a
lower risk of ICH when compared to warfarin (HR: 0.843, 95% CI: 0.523–1.321, Figure 3, panel A).
Considering hospitalization for GI bleeding and major bleeding, NOAC (HR for GI bleeding: 0.503,
95% CI: 0.347–0.716) significantly reduced the risks compared to warfarin (HR for major bleeding: 0.605,
95% CI: 0.452–0.804) (Figure 3, panel A). Additionally, NOACs were associated with a 27% lower risk of
all-cause death (HR: 0.725, 95% CI: 0.594–0.882) and a better composite outcome compared to warfarin
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(HR: 0.684, 95% CI: 0.583–0.797) (Figure 3, panel A). Concerning fatal events, NOAC (HR of fatal ICH:
0.285, 95% CI: 0.074–0.831) showed a lower risk of fatal ICH and major bleeding than warfarin (HR of
fatal major bleeding: 0.424, 95% CI: 0.201–0.829) (Figure 3, panel B).
Figure 2. Weighted cumulative incidence curves of 6 clinical outcomes of NOAC versus warfarin.
Compared to warfarin, NOACs showed significantly lower incidence rates of ischemic stroke,
GI bleeding, major bleeding, and all-cause mortality. NOAC and warfarin groups showed similar
incidence rates of intracranial hemorrhage (ICH). Overall, NOACs were associated with a lower rate of
the composite outcome. Abbreviations: GI, gastrointestinal; NOAC, non-vitamin K antagonist oral
anticoagulant; WFR, warfarin.
Figure 3. Cont.
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Figure 3. Weighted event numbers, incidence rates, and HRs of 6 clinical outcomes and fatal events in
NOAC versus warfarin (reference) in patients with EHRA type 2 VHDs: (A) HRs of 6 clinical outcomes;
(B) HRs of fatal clinical events. Compared to warfarin, NOACs were associated with lower risks of
ischemic stroke, GI bleeding, and major bleeding. Although NOAC and warfarin groups showed
similar incidence rates of ICH, the NOAC group was associated with a significantly lower risk of fatal
ICH compared to warfarin group. Overall, NOACs were associated with a lower risk of the composite
outcome (HR: 0.68, 95% CI: 0.58–0.80). Abbreviations: CI, confidence interval; GI, gastrointestinal;
HR, hazard ratio; ICH, intracranial hemorrhage; NOAC, non-vitamin K antagonist oral anticoagulant.
3.3. Sensitivity Analysis
Consistent results were depicted by the sensitivity analysis using a multivariable Cox regression
model. NOAC was associated with better outcomes than warfarin except for ICH, with similar HRs for
all 6 clinical outcomes as shown using IPTW analysis (Figure S2, Supplementary Materials). Since the
treatment choice might be affected by patients’ socioeconomic status, we additionally ascertained
outcomes about patients’ income levels. There were no significant differences in the proportion of
patients with low income between NOAC and warfarin groups (Table S4, Supplementary Materials).
After adjusting for low income, the HRs for 6 clinical outcomes were consistent with the main results
(Table S5, Supplementary Materials).
In additional analyses for other confounding factors, the proportions of liver disease and
antiplatelets were not significantly different between the two groups. The warfarin group showed
a higher proportion of CKD than the NOAC group (6.87% vs. 4.44%, ASD = 0.155; Table S6,
Supplementary Materials). After adjusting for these factors, the HR for 6 clinical outcomes were
consistent with the main results (Table S7, Supplementary Materials).
Additional sensitivity analyses were performed to redeem the difference of follow-up duration
between two groups. The HR trends for 6 clinical outcomes were still consistent compared with the
main results (Table S8, Supplementary Materials). In the on-treatment analysis, the results were also
consistent with the main analysis (Table S9, Supplementary Materials).
3.4. Subgroup Analyses Stratified by Age, Sex, CHA2DS2-VASc Score, and VHD Types
The crude incidences of outcomes on NOAC and warfarin by various subgroups are presented
in Table S10 (Supplementary Materials), and the adjusted HR for 6 clinical outcomes are shown in
Figure 4.
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Figure 4. HRs of ischemic stroke, intracranial hemorrhage, all-cause death, GI bleeding, major
bleeding, and composite outcome according to various subgroups in NOAC and warfarin
(reference). * P for interaction; † Other valvular disease included AS, AR, TS, TR, PS, and PR.
Abbreviations: AR, aortic regurgitation; AS, aortic stenosis; CI, confidence interval; GI, gastrointestinal;
HR, hazard ratio; MR, mitral regurgitation; NOAC, non-vitamin K antagonist oral anticoagulant,
PR, pulmonary regurgitation; PS, pulmonary stenosis; TR, tricuspid regurgitation; TS, tricuspid stenosis;
VHD, valvular heart disease.
3.5. Age (<64, 65–74, and ≥75 Years) and Sex
There were no significant interactions with respect to ischemic stroke, ICH, hospitalization for
major bleeding, and the composite outcome between treatment groups and age subgroups, except
for hospitalization for GI bleeding and all-cause death. Additionally, no significant interaction was
observed between the treatment group and sex of individuals.
3.6. CHA2DS2-VASc Score (0–2 and ≥3)
Except for all-cause death, no interaction was observed between treatment and CHA2DS2-VASc
score. The benefits of NOACs compared to those warfarin were consistent in both CHA2DS2-VASc
scores of 0–2 and ≥3. The group with a CHA2DS2-VASc score of 0–2 showed a wide CI due to the low
rates of the event. A significant interaction for all-cause death was found, whereby the HR showed a
beneficial trend for risk in the NOAC group.
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3.7. Type of VHD (Mitral Regurgitation and Other VHDs)
NOAC use was associated with a risk reduction in all 6 clinical outcomes compared to the use
warfarin in both mitral regurgitation and other types of VHD. There was no significant interaction
between the treatment and patients’ VHD type.
3.8. Comparative Effectiveness and Safety of NOAC versus Warfarin in Patients with EHRA Type 1 VHDs:
An Exploratory Analysis
We analyzed patients with EHRA type 1 VHDs, a total number of 611 subjects (warfarin: n = 366,
NOAC: n = 245) in an exploratory analysis. Baseline characteristics and crude incidences are presented
in Table S11 (Supplementary Materials) and Figure 5. In the multivariable Cox regression analysis,
the NOAC group showed a comparable risk of ischemic stroke, ICH, all-cause death, and composite
outcome. In hospitalization for GI bleeding and major bleeding, NOAC use was associated with a
significantly lower risk compared to the use of warfarin (Figure 5).
Figure 5. Event numbers, crude incidence rates, and HRs of six clinical outcomes with pooled
NOAC versus warfarin (reference) using multivariate Cox regression analysis in patients with EHRA
type 1 VHDs. The NOAC group showed a comparable risk of ischemic stroke, ICH, all-cause death,
and composite outcome. In hospitalization for GI bleeding and major bleeding, NOAC use was associated
with a significantly lower risk compared to the use of warfarin. Abbreviations: CI, confidence interval;
EHRA, Evaluated Heartvalves, Rheumatic or Artificial; GI, gastrointestinal; HR, hazard ratio;
ICH, intracranial hemorrhage; NOAC, non-vitamin K antagonist oral anticoagulant.
4. Discussion
This study is the first Asian population-based study to investigate the effectiveness and safety
of NOACs in AF patients with VHDs. The main findings of our study are as follows: (i) NOACs
were associated with lower risks of ischemic stroke and all-cause death compared to warfarin; (ii) for
safety outcomes, NOACs significantly reduced the risk of hospitalization for GI bleeding and major
bleeding and showed a comparable outcome in ICH but a significant reduction in fatal ICH; (iii) overall,
NOAC showed a better composite outcome than warfarin in patients with AF and EHRA type 2 VHDs;
and (iv) NOAC showed comparable outcomes of 6 clinical outcomes in patients with EHRA type
1 VHDs.
4.1. NOACs in Patients with Non-Valvular AF and EHRA Type 2 VHDs
The efficacy and safety of NOACs compared to those of warfarin in patients with non-valvular
AF and EHRA type 2 VHDs have been reported in a meta-analysis of previous pivotal clinical trials of
NOAC and a few retrospective analyses based on claims databases [10]. In a previous meta-analysis,
patients with EHRA type 2 VHDs (total n = 13,585 treated with warfarin and NOAC) showed a trend
for higher rates of ischemic stroke/systemic embolic events, significantly higher rates of major bleeding
and all-cause death than without EHRA type 2 VHDs [10]. Within EHRA type 2 VHD patients,
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pooled standard-dose NOAC was associated with a lower risk of thromboembolic events (HR: 0.70,
95% CI: 0.58–0.86) and ICH (HR: 0.47, 95% CI: 0.24–0.93) than warfarin, whereas NOAC showed a
comparable risk of major bleeding (HR: 0.93, 95% CI: 0.68–1.27). In contrast, NOAC did not reduce
the risk of all-cause death (HR: 1.01, 95% CI: 0.90–1.14). There were some differences in the results
according to the types of NOAC [10]. Apixaban and higher-dose dabigatran showed a significantly
lower risk of SSEE compared to warfarin, whereas higher-dose edoxaban and rivaroxaban showed
comparable results. Regarding major bleeding events, rivaroxaban was associated with a higher risk
compared to warfarin, whereas other NOACs were not. Nevertheless, the number of each NOAC type
was small to find any significant statistical difference.
Noseworthy et al. reported pooled NOAC versus warfarin data in patients with AF and VHDs
using claims data in the U.S. [11]. NOAC shows a significantly lower risk for ischemic stroke/systemic
embolism (HR: 0.76, 95% CI: 0.59–0.98) and major bleeding (HR: 0.84, 95% CI: 0.72–0.97) compared to
warfarin, only in patients with aortic stenosis/insufficiency or mitral regurgitation group. There are
no significant differences in patients with non-rheumatic mitral stenosis, rheumatic mitral stenosis,
valve repairs, and bioprosthetic valves. Another previous study based in the U.S. claims data analyzed
the effectiveness and safety of dabigatran or rivaroxaban versus warfarin in patients with non-valvular
AF and VHDs except prosthetic heart valves (dabigatran: n = 1979; rivaroxaban: n = 2027; and warfarin:
n = 14,131) [12]. Both dabigatran and rivaroxaban show a comparable risk of stroke and any bleeding
compared to warfarin; however, both are associated with the lower risk of all-cause death (dabigatran:
An HR of 0.71, 95% CIs of 0.52–0.98; rivaroxaban: An HR of 0.68, 95% CIs of 0.49–0.95).
In our study, incidence rates of clinical events were higher in patients with non-valvular AF and
EHRA type 2 VHD than those in general patients with non-valvular AF [14,23] This was consistent
with previous observational reports [24,25] and NOACs versus warfarin studies [10–12]. The difference
in VHD distribution type may lead to slightly different results in the effectiveness and safety of
NOACs compared to warfarin among studies [10–12]. Indeed, mitral regurgitation has been suggested
to have a protective effect for stroke in AF [26,27], and this might be driven by the higher flow
patterns in the left atrium [1]. The association of aortic stenosis with stroke has been controversial
because potential bidirectional effects in coagulation were observed. Aortic stenosis could increase
platelet production [28], and activate coagulation and platelets with turbulent flow through valves [29].
However, there is evidence that aortic stenosis could impair hemostasis with acquired von Willebrand
syndrome [30]. In a post hoc analysis of Rivaroxaban-Once Daily, Oral, Direct Factor Xa Inhibition
Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation
(ROCKET AF) trial, patients with aortic stenosis had an increased risk of stroke, systemic embolism,
and major bleeding compared to patients with other VHDs or without VHDs [31].
Comparing to the proportion of VHD types, mitral regurgitation incidence in our study was lower
compared to that of pooled pivotal clinical trials of NOAC (42% vs. 70–80%) and aortic stenosis was
higher (17% vs. 10%). According to Noseworthy et al., patients with aortic stenosis/insufficiency and
mitral regurgitation are 96% of the total cohort [11], but a detailed distribution of VHD type was not
reported. Beyond these differences from previous studies, in our large Asian-based cohort with AF
and EHRA type 2 VHDs, the effectiveness and safety of NOAC were maintained in the patients with
AF and EHRA type 2 VHDs.
In pivotal NOAC RCTs, a smaller subgroup of Asian patients compared to non-Asians were
included, with some differences reported in outcomes [13,32]. Asians patients with AF are known to
have a higher risk of stroke/systemic embolism and major bleeding when using warfarin compared with
non-Asian patients with AF. However, Asian patients had a higher risk reduction of efficacy and safety
endpoints with NOACs versus warfarin compared with non-Asian patients [33]. In recent real-world
studies, the effectiveness and safety of NOACs have also been reported, even with edoxaban [14,15,19].
In line with the Asian data in the broader AF population, the present study shows that NOACs are
associated with a lower risk of ischemic stroke and bleeding in Asian patients with AF and VHDs.
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4.2. NOACs in AF Patients with EHRA Type 1 VHDs (Valvular AF)
Patients with valvular AF including severe rheumatic mitral stenosis and prosthetic heart valves
were excluded from the pivotal clinical trial of NOACs [2–6], and the guideline recommended warfarin
in these patients [34]. Noseworthy et al. reported the clinical outcomes of NOAC in 74 AF patients with
rheumatic mitral stenosis [11], showing no ischemic stroke/systemic embolism events in both NOAC
and warfarin groups, with no statistically significant differences for major bleeding. In our cohort,
we identified 611 patients with EHRA type 1 VHDs, including rheumatic mitral stenosis and prosthetic
heart valves (245 patients treated with NOAC and 366 patients treated with warfarin). NOAC use
showed similar results in ischemic stroke, ICH, and all-cause death compared with the use of warfarin;
however, NOAC showed better safety with a comparable net clinical benefit compared with warfarin.
However, the numbers of patients with EHRA type 1 VHDs in our exploratory analysis were too small
to conclude the effectiveness and safety of NOAC compared to those of warfarin in these patients.
4.3. The Clinical Implication with Subgroup Analyses
Clinical outcome trends were generally consistent, but there were some significant interactions
in age and CHA2DS2-VASc score subgroups. In the younger age group (less than 65 years
old), the protective effects of NOAC on all-cause death and GI bleeding were higher. In the
lower-CHA2DS2-VASc-score group (0 to 2 points), NOAC use showed a 70% lower risk compared with
the use of warfarin and those were not different in the higher-CHA2DS2-VASc-score group. In line with
previous studies, we found that mitral regurgitation tends to show better outcomes than other VHDs.
4.4. Study Limitations
Several limitations of the study should be considered. First, diagnoses were defined by ICD-10
codes or prescriptions in studies using claims data, which might cause the inherent limitation of coding
errors (over or under coding) or clinical inaccuracy. Although there was no financial incentive for
accurate coding of clinical diagnoses in Korea, the definition of AF and comorbidities and clinical
outcomes have been validated in several previous studies [9,14,15,19]. Second, echocardiography
is needed to diagnose VHD accurately. However, this examination was not reimbursed in Korea
until recently, so we could not provide the precise numbers of patients who had echocardiography
evaluation during all years. However, the 2018 Korean guidelines of AF management recommended
performing echocardiography in patients with newly diagnosed AF for distinguishing valvular
AF from non-valvular AF or for examining the presence of heart failure or other structural heart
diseases [35]. Thus, contemporary practice means that VHD would be more easily diagnosed with
routine echocardiography. Third, confounding factors might still exist despite well-balanced groups
using the propensity score weighting method. Although NOACs were reimbursed in patients with a
CHA2DS2-VASc score of ≥2 in Korea, patients’ copay between NOAC and warfarin was still different.
However, we found that the proportions of patients with low income were not different between
NOAC and warfarin groups and the HRs for 6 clinical outcomes adjusting for low income were
consistent with the main results. Fourth, the follow-up period for outcomes was shorter in the NOAC
group than in the warfarin group because NOACs have only been used widely since 2015 in Korea.
To address this limitation, we performed sensitivity analyses with the restriction of the follow-up
period, and the results remained consistent. Fifth, owing to the inherent limitation weakness of the
claims database, we could not evaluate the treatment quality of the warfarin group. The lower time
in the therapeutic range (TTR) control was reported in the Asian population [36,37], and it could
be a possible confounding factor in a favorable result of NOAC regarding ischemic stroke. Finally,
patients with prior ischemic stroke, ICH, or GI bleeding were excluded from this study for accurate
assessment of clinical outcomes. The results of our study should, therefore, be cautiously interpreted
and applied to patients with a previous history of ischemic stroke, ICH, or GI bleeding.
J. Clin. Med. 2019, 8, 1624 12 of 14
5. Conclusions
In this nationwide Asian AF population with EHRA type 2 VHDs, NOAC use was associated with
lower risks of ischemic stroke, major bleeding, all-cause death, and the composite outcome compared
to the warfarin use.
Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/8/10/1624/s1,
Table S1: Definitions of covariates, Table S2: Definitions of clinical outcomes, Table S3: The logistic regression
model used to calculate the propensity score, Table S4: The proportion of patients with low income, Table S5:
Hazard ratios of 6 clinical outcomes for NOAC versus warfarin after additional adjusting for low income,
Table S6: The proportion of patients with chronic kidney disease (CKD), liver disease, and antiplatelets, Table S7:
Hazard ratios of 6 clinical outcomes for NOAC versus warfarin after additional adjusting for CKD, liver disease,
and antiplatelets, Table S8: Sensitivity analysis restricting the follow-up period to 6 months or 1 year, Table S9:
Sensitivity analysis: Hazard ratios of 6 clinical outcomes for pooled NOAC versus warfarin by on-treatment
analysis, Table S10: Number of events, crude event rates according to various subgroups in patients with EHRA
type 2 VHDs, Table S11: Baseline characteristics of patients with EHRA type 1 VHDs, Figure S1: Distribution of
propensity scores in pooled NOAC and warfarin groups before and after weighting, Figure S2: Hazard ratios of
6 clinical outcomes with pooled NOAC versus warfarin using multivariate Cox regression analysis in patients
with EHRA type 2 VHDs.
Author Contributions: All authors had full access to the data in the study and took responsibility for the integrity
of the data and the accuracy of the data analysis. Conceptualization, S.-R.L. and E.-K.C.; data curation, E.L. and
M.-J.C.; formal analysis, J.-H.J. and K.-D.H.; methodology, J.-H.J. and S.-R.L.; supervision, S.O. and G.Y.H.L.;
visualization, I.M., S.-R.L. and J.-H.J.; writing of the original draft, I.M. and S.-R.L.; writing of review and editing,
E.-K.C. and G.Y.H.L.
Funding: This study was supported by the Korea National Research Foundation of Korea (NRF) funded by the
Ministry of Education, Science, and Technology (2014R1A1A2A16055218), and the Technology Innovation Program
(10052668, Development of wearable self-powered energy source and low-power wireless communication system
for a pacemaker) funded by the Ministry of Trade, Industry & Energy (MOTIE, Korea).
Conflicts of Interest: G.Y.H.L. is a consultant for Bayer/Janssen, BMS/Pfizer, Medtronic, Boehringer Ingelheim,
Novartis, Verseon and Daiichi-Sankyo, and a speaker for Bayer, BMS/Pfizer, Medtronic, Boehringer Ingelheim,
and Daiichi-Sankyo. No fees are received personally. E.-K.C. received a research grant from Daiichi-Sankyo,
BMS/Pfizer, and Biosense Webster.
References
1. De Caterina, R.; Camm, A.J. What is ‘valvular’ atrial fibrillation? A reappraisal. Eur. Heart J. 2014, 35,
3328–3335. [CrossRef] [PubMed]
2. Connolly, S.J.; Ezekowitz, M.D.; Yusuf, S.; Eikelboom, J.; Oldgren, J.; Parekh, A.; Pogue, J.; Reilly, P.A.;
Themeles, E.; Varrone, J.; et al. Dabigatran versus warfarin in patients with atrial fibrillation. N. Engl. J. Med.
2009, 361, 1139–1151. [CrossRef] [PubMed]
3. Granger, C.B.; Alexander, J.H.; McMurray, J.J.; Lopes, R.D.; Hylek, E.M.; Hanna, M.; Al-Khalidi, H.R.;
Ansell, J.; Atar, D.; Avezum, A.; et al. Apixaban versus warfarin in patients with atrial fibrillation. N. Engl.
J. Med. 2011, 365, 981–992. [CrossRef] [PubMed]
4. Patel, M.R.; Mahaffey, K.W.; Garg, J.; Pan, G.; Singer, D.E.; Hacke, W.; Breithardt, G.; Halperin, J.L.;
Hankey, G.J.; Piccini, J.P.; et al. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl. J. Med.
2011, 365, 883–891. [CrossRef] [PubMed]
5. Giugliano, R.P.; Ruff, C.T.; Braunwald, E.; Murphy, S.A.; Wiviott, S.D.; Halperin, J.L.; Waldo, A.L.;
Ezekowitz, M.D.; Weitz, J.I.; Špinar, J.; et al. Edoxaban versus warfarin in patients with atrial fibrillation.
N Engl. J. Med. 2013, 369, 2093–2104. [CrossRef] [PubMed]
6. Lip, G.Y.H.; Collet, J.P.; Caterina, R.; Fauchier, L.; Lane, D.A.; Larsen, T.B.; Marin, F.; Morais, J.; Narasimhan, C.;
Olshansky, B.; et al. Antithrombotic therapy in atrial fibrillation associated with valvular heart disease:
A joint consensus document from the European Heart Rhythm Association (EHRA) and European Society of
Cardiology Working Group on Thrombosis, endorsed by the ESC Working Group on Valvular Heart Disease,
Cardiac Arrhythmia Society of Southern Africa (CASSA), Heart Rhythm Society (HRS), Asia Pacific Heart
Rhythm Society (APHRS), South African Heart (SA Heart) Association and Sociedad Latinoamericana de
Estimulacion Cardiaca y Electrofisiologia (SOLEACE). Europace 2017, 19, 1757–1758. [PubMed]
J. Clin. Med. 2019, 8, 1624 13 of 14
7. Ruff, C.T.; Giugliano, R.P.; Braunwald, E.; Hoffman, E.B.; Deenadayalu, N.; Ezekowitz, M.D.; Camm, A.J.;
Weitz, J.I.; Lewis, B.S.; Parkhomenko, A.; et al. Comparison of the efficacy and safety of new oral anticoagulants
with warfarin in patients with atrial fibrillation: A meta-analysis of randomised trials. Lancet 2014, 383,
955–962. [CrossRef]
8. Huisman, M.V.; Rothman, K.J.; Paquette, M.; Teutsch, C.; Diener, H.C.; Dubner, S.J.; Halperin, J.L.; Ma, C.S.;
Zint, K.; Elsaesser, A.; et al. The Changing Landscape for Stroke Prevention in AF: Findings From the
GLORIA-AF Registry Phase 2. J. Am. Coll. Cardiol. 2017, 69, 777–785. [CrossRef]
9. Lee, S.R.; Choi, E.K.; Han, K.D.; Cha, M.J.; Oh, S.; Lip, G.Y.H. Temporal trends of antithrombotic therapy
for stroke prevention in Korean patients with non-valvular atrial fibrillation in the era of non-vitamin
K antagonist oral anticoagulants: A nationwide population-based study. PLoS ONE 2017, 12, e0189495.
[CrossRef]
10. Renda, G.; Ricci, F.; Giugliano, R.P.; De Caterina, R. Non-Vitamin K Antagonist Oral Anticoagulants in
Patients With Atrial Fibrillation and Valvular Heart Disease. J. Am. Coll. Cardiol. 2017, 69, 1363–1371.
[CrossRef]
11. Noseworthy, P.A.; Yao, X.; Shah, N.D.; Gersh, B.J. Comparative effectiveness and safety of non-vitamin K
antagonist oral anticoagulants versus warfarin in patients with atrial fibrillation and valvular heart disease.
Int. J. Cardiol. 2016, 209, 181–183. [CrossRef] [PubMed]
12. Briasoulis, A.; Inampudi, C.; Akintoye, E.; Alvarez, P.; Panaich, S.; Vaughan-Sarrazin, M. Safety and Efficacy
of Novel Oral Anticoagulants Versus Warfarin in Medicare Beneficiaries With Atrial Fibrillation and Valvular
Heart Disease. J. Am. Hear. Assoc. 2018, 7, e008773. [CrossRef] [PubMed]
13. Lip, G.Y.; Wang, K.-L.; Chiang, C.-E. Non-vitamin K antagonist oral anticoagulants (NOACs) for stroke
prevention in Asian patients with atrial fibrillation: Time for a reappraisal. Int. J. Cardiol. 2015, 180, 246–254.
[CrossRef] [PubMed]
14. Cha, M.-J.; Choi, E.-K.; Han, K.-D.; Lee, S.-R.; Lim, W.-H.; Oh, S.; Lip, G.Y. Effectiveness and Safety of
Non-Vitamin K Antagonist Oral Anticoagulants in Asian Patients With Atrial Fibrillation. Stroke 2017, 48,
3040–3048. [CrossRef] [PubMed]
15. Chan, Y.-H.; Kuo, C.-T.; Yeh, Y.-H.; Chang, S.-H.; Wu, L.-S.; Lee, H.-F.; Tu, H.-T.; See, L.-C. Thromboembolic,
Bleeding, and Mortality Risks of Rivaroxaban and Dabigatran in Asians With Nonvalvular Atrial Fibrillation.
J. Am. Coll. Cardiol. 2016, 68, 1389–1401. [CrossRef]
16. Song, S.O.; Jung, C.H.; Song, Y.D.; Park, C.-Y.; Kwon, H.-S.; Cha, B.S.; Park, J.-Y.; Lee, K.-U.; Ko, K.S.; Lee, B.-W.
Background and Data Configuration Process of a Nationwide Population-Based Study Using the Korean
National Health Insurance System. Diabetes Metab. J. 2014, 38, 395–403. [CrossRef] [PubMed]
17. Seong, S.C.; Kim, Y.-Y.; Khang, Y.-H.; Park, J.H.; Kang, H.-J.; Lee, H.; Do, C.-H.; Song, J.-S.; Bang, J.H.; Ha, S.;
et al. Data Resource Profile: The National Health Information Database of the National Health Insurance
Service in South Korea. Int. J. Epidemiol. 2017, 46, 799–800.
18. Lip, G.Y.H.; Nieuwlaat, R.; Pisters, R.; Lane, D.A.; Crijns, H.J. Refining clinical risk stratification for predicting
stroke and thromboembolism in atrial fibrillation using a novel risk factor-based approach: The euro heart
survey on atrial fibrillation. Chest 2010, 137, 263–272. [CrossRef]
19. Lee, S.R.; Choi, E.K.; Han, K.D.; Jung, J.H.; Oh, S.; Lip, G.Y.H. Edoxaban in Asian Patients With Atrial
Fibrillation: Effectiveness and Safety. J. Am. Coll. Cardiol. 2018, 72, 838–853. [CrossRef]
20. Heinze, G.; Jüni, P. An overview of the objectives of and the approaches to propensity score analyses.
Eur. Hear. J. 2011, 32, 1704–1708. [CrossRef]
21. Austin, P.C.; Stuart, E.A. Moving towards best practice when using inverse probability of treatment weighting
(IPTW) using the propensity score to estimate causal treatment effects in observational studies. Stat. Med.
2015, 34, 3661–3679. [CrossRef] [PubMed]
22. Lee, S.R.; Choi, E.K.; Park, C.S.; Han, K.D.; Jung, J.H.; Oh, S.; Lip, G.Y.H. Direct oral anticoagulants in patients
with nonvalvular atrial fibrillation and low body weight. J. Am. Coll. Cardiol. 2019, 73, 919–931. [CrossRef]
[PubMed]
23. Lee, S.R.; Choi, E.K.; Han, K.; Cha, M.J.; Oh, S. Prevalence of Non-valvular Atrial Fibrillation Based on
Geographical Distribution and Socioeconomic Status in the Entire Korean Population. Korean Circ. J. 2018,
48, 622–634. [CrossRef] [PubMed]
J. Clin. Med. 2019, 8, 1624 14 of 14
24. Bisson, A.; Bodin, A.; Clementy, N.; Bernard, A.; Babuty, D.; Lip, G.Y.; Fauchier, L. Stroke, thromboembolism
and bleeding in patients with atrial fibrillation according to the EHRA valvular heart disease classification.
Int. J. Cardiol. 2018, 260, 93–98. [CrossRef] [PubMed]
25. Lip, G.Y.H.; Jensen, M.; Melgaard, L.; Skjøth, F.; Nielsen, P.B.; Larsen, T.B. Stroke and bleeding risk scores in
patients with atrial fibrillation and valvular heart disease: Evaluating ’valvular heart disease’ in a nationwide
cohort study. Europace 2019, 21, 33–40. [CrossRef] [PubMed]
26. Kamath, S.; Lip, G.Y. Mitral regurgitation and atrial fibrillation: Milder the disease, higher the risk?
Int. J. Cardiol. 2000, 72, 235–237. [CrossRef]
27. Nakagami, H.; Yamamoto, K.; Ikeda, U.; Mitsuhashi, T.; Goto, T.; Shimada, K. Mitral regurgitation reduces
the risk of stroke in patients with nonrheumatic atrial fibrillation. Am. Hear. J. 1998, 136, 528–532. [CrossRef]
28. Sucu, M.; Davutoglu, V.; Sari, I.; Ozer, O.; Aksoy, M. Relationship between platelet indices and aortic valve
sclerosis. Clin. Appl. Thromb. Hemost. 2010, 16, 563–567. [CrossRef]
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